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Summary. The liquid from heat-treatment of an abalone, 
Haliotis discus hannai, which is normally discarded as 
waste, was found to contain a new glycoprotein antineo- 
plastic agent. A fraction of the liquid obtained from 
chromatography that was 22% carbohydrate and 44% pro- 
tein was injected locally or systematically into ICR mice 
or BALB/c mice inoculated s.c. with allogeneic sarcoma 
180 or syngeneic Meth-A fibrosarcoma, and growth of the 
tumors was strongly inhibited. There was an optimum dose 
range for the inhibition of the growth of sarcoma 180, and 
optimum timing. The fraction did not have antitumor ac- 
tivity in T cell-deficient nude mice (CD-1 nu/nu or 
BALB/c nu/nu mice), and administration of carrageenan 
in vivo decreased its activity in ICR mice. This fraction ac- 
tivated the cytostatic activity of  peritoneal and alveolar 
macrophages in vivo. These results suggest that the antitu- 
mor activity is not due to a direct toxic effect but to stimu- 
lation of a host-mediated response. 

Introduction 

Many extracts of marine organisms besides venoms and 
poisons have drug-like effects on mammalian and non- 
mammalian tissues, including tumors [8]. Most of these ex- 
tracts are cytotoxic in action and toxic to the host. Chemo- 
therapeutic agents that are cytotoxic toward cancer ceils 
are needed, as are agents that stimulate the host's immuno- 
logical defenses against neoplastic growth. Such immuno- 
potentiators could combat cancer, reverse immunosup- 
pression, and help in immunodeficiency and chronic in- 
fection. Polysaccharides with antitumor activity have been 
isolated from higher plants, fungi, lichen, bacteria, and 
yeast [20]. Few attempts have been made to obtain immu- 
nopotentiating agents from marine animals. Crude mac- 
romolecular fractions from the extracts of some marine 
animals and a glycoprotein fraction from water extracts of 
Patinopecten yessoensis (scallop) have antitumor activity 
[14, 16, 17]. This activity is due to stimulation by the frac- 
tions of host-mediated responses. In this paper, we studied 
the separation and properties of a fraction with antitumor 
effects from Haliotis discus hannai ( H. discus Hannai, aba- 
lone). 
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Materials and methods 

Collection, extraction, and fractionation of abalone. Raw 
abalone, H. discus hannai, was collected from the coastal 
region of Sanriku, Iwate, Japan, in November 1982. The 
purification procedure is summarized in Fig. 1. Extract li- 
quor (450 1) obtained from raw abalone (600 kg) by heat- 
treating at 90 °C for 10 rain was provided by a manufac- 
turing factory. The liquor was concentrated by evapora- 
tion under reduced pressure at below 40 °C, dialyzed 
against running water for 48 h, and centrifuged. Ultafiltra- 
tion of the supernatant was done with an XM-50 mem- 
brane (Amicon Corp., Lexington, Mass, USA). The mac- 
romolocelular fraction with molecular weight greater than 
50000 daltons was put on a column of DEAE Sepharose 
CL-6B equilibrated with 0.01 Mphosphate buffer (pH 7.4). 
After being washed with the same buffer, the column was 
eluted stepwise with 0.4 and then 1.0 M NaC1 in this buf- 
fer. The eluate was collected in three fractions. After con- 
centration, dialysis, and lyophilization, the yields of frac- 
tions 1, 2, and 3 were 14.3%, 48.5%, and 32.9%, respective- 
ly. Fraction 2, which had the highest tumor inhibition ra- 
tio, was put on a column packed with DEAE-Sephacel 
equilibrated with 0.05 M Tris-HC1 buffer (pH 8.0). An un- 
adsorbed fraction (fraction 4) was eluted with the starting 
buffer, and fractions 5 and 6 were eluted with 0.5 and 
0.8 M NaC1 in the same buffer. Fraction 7 wae eluted with 
0.1 M NaOH in the same buffer. The fractions were dia- 
lyzed against distilled water for 48 h and then lyophilized. 
The yields of fractions 4, 5, 6, and 7 were 8.3%, 30%, 2.1%, 
and 0.7%, respectively. Fraction 5, which had the highest 
tumor inhibition ratio, was further purified on the same 
kind of column with a linear gradient from 0 to 0.5 M 
NaC1 in Tris-HC1 buffer (pH 8.0). The eluate was collected 
into four fractions, 8, 9, 10, and 11 (Fig. 2). After dialysis 
and lyophilization, the yields of the fractions were 4.9%, 
38.3%, 25.6%, and 5.0%, respectively. 

Chemical analysis of fraction 9. Total carbohydrates were 
measured by the phenol-sulfuric acid method with D-glu- 
cose as the standard [3]. The composition of neutral sugars 
as dansyl hydrazones after hydrolysis in 4 NHCI  at 100 °C 
for 2 h was analyzed using HPLC [2, 10]. Total proteins 
were assayed by the Lowry method with egg albumin as 
the standard [9]. The composition of amino acids was 
identified by a precolumn derivatizing method with dabsyl 
chloride after the sample had been hydrolyzed with 6 N 
HC1 at 110 °C for 24h [11]. 
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Fig. 1. Preparation of fraction 9 from the aqueous extract of H. 
discus hannai 

Mice. Female 1CR-JCL mice weighing about 23 g pur- 
chased from CLEA Japan, Inc., Tokyo, and female 
BALB/c and CD-I nu/nu mice weighing about 20 g pur- 
chased from Charles River Japan, Inc., Atsugi were used. 
BALB/c nu/nu mice were from the Shizuoka Laboratory 
Animal Center, Shizioka, Japan. 

Tumors. Sarcoma 180 and Meth-A fibrosarcoma were in- 
itially supplied by the Sloan-Kettering Institute, New 
York, NY, USA, and they have been maintained in the 
National Cancer Center Research Institute in ascites form. 
Unless otherwise stated, 0.05 ml (about 6 × 106 cells) of 
7-day-old ascites tumor was transplanted s.c. into the right 
flank of the mice. Spontaneous regression of these tumors 
has never been observed. 

L5178Y lymphoma cells as the target cells were used in 
vitro. The cells were maintained in RPMI 1640 medium 
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Fig. 2. DEAE-Sephacel column chromatography of fraction 5. 
Column size was 3.2 cm x 40 cm. The column was eluted with 
400 ml of 0.05 M Tris-HC1 buffer (pH 8.0) and then by a linear 
gradient of 0-0.5 M NaC1 in the buffer (8-ml fractions). - -  
absorbance at 280 nm; . . . . . .  , absorbance at 490 nm in phenol[ 
H2SO 4 method for sugars. Fractions were pooled as indicated by 
arrows 

(Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) with 10% 
heat-inactivated fetal bovine serum (GIBCO Laboratories, 
Grand Island, NY, USA) and kanamycin (50 #g/ml); this 
is referred to as RPMI-FBS. 
Assay of  antitumor activity. Test samples at suitable con- 
centrations in 0.1 ml of physiological saline were sterilized 
with an Acrodisc disposable filter assembly (Gelman 
Sciences, Inc., Ann Arbor, Mich, USA) and injected into 
the lesion (i.1.) or i.v. on days 5, 7, and 9 after tumor inoc- 
ulation unless otherwise noted, by which time the tumors 
had reached a mean diameter of 4 mm. Mice receiving si- 
milar treatment with physiological saline were the con- 
trols. At the end of the 5th week, the mice were killed and 
the tumors removed and weighed. Inhibition ratios were 
calculated by: inhibition ratio (%) = [(A-B)/A]x I00, 
where A was the mean tumor weight of the control group, 
and B that of the treated group. Complete regression indi- 
cated the ratio of the number of mice with complete tumor 
regression over the total number of mice tested. 

In vivo treatment with carrageenan. Carrageenan (Type V, 
Sigma Chemical Co., St. Louis, Mo, USA) was suspended 
in saline by heating at 60 °C for 10 min and injected i.p. at 
a dose of 80 mg/kg on days 4, 6, and 8 after tumor inocu- 
lation. 

In vitro cytocidal test. Ascites tumor cells (105 ceils) of sar- 
coma 180 or Meth-A fibrosarcoma in 0.5 ml of RPMI-FBS 
containing various concentrations (20-500 ~tg/ml) of frac- 
tion 9 or its autoclaved product were incubated at 37 °C 
for 48 h in moist air containing 5% CO 2. The viability of 
these cells incubated with or without the samples, assessed 
by exclusion of trypan blue, was over 95%. The cells were 
counted under a phase-contrast microscope. Inhibition 
ratios were calculated by: inhibition ratio (%) = 
[(A-B)/A] × 100, where A was the mean number of cells in- 
cubated without the samples, and B that of cells incubated 
with the samples. 

Preparation of  effector cells. Peritoneal macrophages were 
isolated by the method of Kumagai et al. [7]. The cells were 
harvested by washing with 5 ml of RPMI 1640 medium 
containing sodium heparin (2 units/ml) and kanamycin 
(50 ~tg/ml). Then they were washed twice with RPMI 1640 
medium containing kanamycin (50 p~g/ml) and suspended 
in RPMI-FBS. To separate the adherent cells, a supension 
of the cells was put into a plastic dish (No. 3003, Becton 
Dickinson Labware, Oxnard, Calif., USA) that had been 
coated overnight with heat-inactivated fetal bovine serum, 
and incubated at 37 °C in moist air containing 5% CO2 to 
allow the macrophages to become attached to the dish. Af- 
ter 20 min, the nonadherent cells were deca{ted, and the 
dish was washed 5 times with cold RPMI-FBS. The re- 
maining cells were then removed from the dish by incuba- 
tion at 4 °C for 40 min in phosphate-buffered saline (pH 
7.2) containing 0.2% EDTA and 5% heat-inactivated fetal 
bovine serum. 

Alveolar macrophages were isolated by the method of 
Howai'd et al. [5]. Lungs were cut into small pieces with 
scissors, vigorously pipetted, and then squeezed through 
fine gauze with RPMI 1640 medium containing sodium 
heparin (2 units/ml) and kanamycin (50 ~tg/ml). Erythro- 
cytes were lysed by osmotic shock. After washing, the lung 



cells were suspended in RPMI-FBS,  and the nucleated 
cells counted. Alveolar  macrophages  were then separated 
from the lung cells by the method descr ibed above. 

Assay of in vitro cytostatic activity of peritoneal and alveolar 
macrophages. To assay cytostatic activity, per i toneal  and 
a lveolar  macrophages  (effector cells) were suspended at a 
concentra t ion of  106 ce l l s /ml  in RPMI-FBS.  A mixture of  
0.1 ml of  effector cells and 0.1 ml of  L5178Y cells (105 
cel ls /ml)  was in t roduced into wells of  a tissue culture plate 
(No. 25860, Corning  Glass Works,  Coming ,  NY, USA) 
and incubated at 37 °C for 48 h in moist  air containing 5% 
CO 2. The cultures were pulsed with 0.4 ~Ci of  3H-thymi- 
dine (sp. act., 84.0 C i /ml ,  New England Nuclear  Corp. ,  
Boston, Mass., USA) per well for 4 h before incubat ion 
was stopped.  Then, the l ymphoma  cells were harvested us- 
ing a cell harvester, and the radioact ivi ty  in the acid-insol-  
uble fraction of  the cells was counted in a l iquid scintilla- 
t ion counter  (Model  LS-9000, Beckman Instruments,  Inc., 
Irvine, Calif., USA). The percentage of  cytostatic activity 
was calculated by;  cytostatic activity (%) = ( 1 - A / B ) ×  100, 
where A was the mean radioact ivi ty  incorpora ted  into a 
L5178Y cell culture after incubat ion with effector cells 
from treated mice, and  B was the mean radioact ivi ty  after 
incubat ion with effector cells from control  mice. There 
was no significant difference between L5178Y cells incu- 
bated with and without normal  effector cells. 

Statistical analysis. We used Student ' s  t-test to study statis- 
t ical significance. All P values below 0.05 were taken to be 
significant. 

Results and discussion 

Of all fractions obtained,  fraction 9 had the strongest inhi- 
bi tory activity against  sarcoma 180 cells t ransp lan ted  into 
I C R  mice when given i.1. at a dose of  80 m g / k g  tlaree times 
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(Table 1). The fraction was not  complete ly  purif ied,  but its 
major  component  was glycoprotein  with 22% of  total  car- 
bohydra te  as glucose and 44% of  total  protein  as egg albu- 
min. Sugar analysis gave D-galactose as a major  compo-  
nent. D-Ribose,  D-xylose,  D-mannose ,  L-fucose, and D- 
glucose were also detected,  but  their amounts  were less 
than one-third that of  D-galactose.  The fraction also con- 
ta ined large amounts  of  tyrosine,  asparagine,  glycine, and 
threonine.  These total led near ly  50% of  the amino acid res- 
idues. Only small amounts  of  half-cystine, histidine,  me- 
thionine,  and lysine were detected. This fract ion had a mo- 
lecular weight of  about  290000 dal tons as est imated by the 
elution pat tern of  Sephacryl  S-300 gel f i l tration,  and ele- 
mentary  analysis (%) showed C, 40.6; H, 6.6; N, 7.6; and 
ash, 5.0. 

One question about  the ant i tumor  action of  fraction 9 
is whether its systemic injection is effective. To answer 
this, we examined the effect of  the fraction on sarcoma 180 
solid tumors in ICR mice by i.v. inject ion (Table 2). Frac-  
t ion 9 gave maximum tumor  suppression at a dose of  
80 mg/kg ,  with an inhibi t ion ratio of  75.8%, when injected 
i.v. three times. This fraction also gave a high inhibi t ion 
ratio, 79.1%, against  sarcoma 180 t ransplanted  i.d. into 
ICR mice, with complete  d i sappearance  of  the tumor  in 3 
out of  6 mice when injected i.v. at a dose of  80 mg/kg .  
Fract ion 9 was heat- labile because its autoclaved product  
had less ant i tumor activity (37.5%) when given i.v. at a 
dose of  80 m g / k g  on the same schedule. This fraction also 
had inhibi t ion ratios over 75% when injected i.v. at a dose 
of  100 m g / k g  three times on all schedules tested except for 
injections on days 1, 3, and 5 after tumor  inoculat ion 
(Table 3). Thus, the ant i tumor  activity had op t imum do- 
sage and timing. 

The ant i tumor  effects of  fraction 9 in other tumor-  
mouse systems were tested (Table 4). This fraction gave an 
inhibi t ion ratio of  100% with complete  tumor  regression 

Table 1. Effects of fractions from an aqueous extract of H. discus hannai on sarcoma 180 solid tumors in ICR mice by i.1. injection 

Fraction Dose Mean tumor Tumor inhibition Complete 
no (mg/kg x 3 days) weight (g) ratio (%) regression a 

1 400 4.0 + 1.7 38.5 0/6 
2 400 0.4+0.5 b 93.8 3/6 

200 2.4 -4- 1.4 63.1 0/6 
3 400 4.7 + 1.9 27.7 0/6 

200 5.3 + 1.4 18.5 0/6 
Control 6.5 _+ 2.0 0/6 

4 200 1.1 _+ 2.5 b 82.8 2/6 
80 4.7 + 1.6 26.5 0/5 

5 200 0.5 -4- 0.8 b 92.1 3/6 
80 3.0+2.1 c 53.1 1/6 

6 200 3.2-4- 1.3 b 50.0 0/6 
80 5.0 + 2.3 21.8 0/6 

7 200 1.1 ___ 2.7 b 83.0 3/6 
Control 6.4___ 2.0 0/6 

8 80 1.0+ 1.2 b 84.8 1/6 
9 80 0.2+0.3 b 96.9 5/6 

10 80 2.4 _ 0.2 c 63.6 0/6 
11 80 2.6 _ 3.4 60.6 0/6 
Control 6.6 + 3.8 0/6 

'~ Number of tumor-free mice/number of mice tested 
b p < 0.01 compared with control 
c p < 0.05 compared with control 
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agains t  M e t h - A  f i b r o s a r c o m a  t r ansp lan ted  s.c. in to  
B A L B / c  mice  when  g iven  i. 1. at a dose  o f  200 m g / k g  three  
t imes  on days 5, 7, and  9 after  t u m o r  inocu la t ion .  The  rat io 
was  66.7% with  c o m p l e t e  d i s appea rance  o f  the t u m o r  in 1 
ou t  o f  6 mice  when  g iven  i .v.  on  the same schedule .  This  
f rac t ion  had  a n t i t u m o r  ac t iv i ty  in bo th  a l logene ic  and  syn- 
gene ic  t u m o r  systems w h e n  g iven  local ly  or  systemical ly .  

The  b io log ica l  p roper t i e s  o f  f rac t ion  9 and  o f  the gly- 
cop ro t e in  f rac t ion  ( f rac t ion  DC-1)  f rom Patinopecten yes- 
soensis [17] were  similar.  F r ac t i on  9 lost its act ivi ty  in v ivo  
af ter  be ing  au toc laved ,  but  f rac t ion  DC-1 d id  not.  Frac-  
t ion 9 s igni f icant ly  inh ib i t ed  the g rowth  o f  M e t h - A  solid 
tumors  in B A L B / c  mice  even  by i .v.  in jec t ion ,  whereas  
f rac t ion  DC-1 d id  not.  These  were  the ma in  d i f fe rences  be- 
tween  f rac t ion  9 f rom aba lone  and  f rac t ion  DC-1 f r o m  
scal lop.  

A n o t h e r  ques t ion  abou t  the a n t i t u m o r  effects o f  frac- 
t ion  9 is whe the r  its act ivi ty  is due  do direct  cy to tox ic i ty  or  
is m e d i a t e d  th rough  the ce l lu lar  i m m u n e  response  o f  the 
host. F rac t ion  9 was sl ightly cytos ta t ic  to s a r c o m a  180 cells 
and  M e t h - A  f i b r o s a r c o m a  cells in vi t ro,  with inh ib i t ion  ra- 
t ios o f  34.6% and  28.4%, respect ive ly ,  at a dose  o f  500 ~tg/ 
ml. A u t o c l a v i n g  this f rac t ion  dec reased  its a n t i t u m o r  act iv-  

ity against  s a r coma  180 solid tumors  in I C R  mice,  but  in- 
c reased  its direct  effects  in v i t ro  on the g rowth  o f  s a r c o m a  
180 cells;  the au toc l aved  p r o d u c t  gave  an inh ib i t ion  rat io 
o f  50.6% at a dose  o f  500 lxg/ml.  F rac t ion  9 had  an opti-  
m u m  dosage  and  t iming,  and  character is t ics  o f  b io log ica l  
r esponse  modi f ie r s  such as l en t inan  [4]. The  poss ibi l i ty  o f  
di rect  toxic  effects  o f  f rac t ion  9 on tumors  in v i v o ' c o u l d  
no t  be  ru led  out,  but  its a n t i t u m o r  ac t ion  seemed  to be me-  
d ia ted  th rough  the ce l lu lar  i m m u n e  response  o f  the host. 
The  effects when  this f rac t ion  was g iven  i.1. on  s a r c o m a  
180 solid t u m o r  in CD-1 n u / n u  mice  and  on M e t h - A  fib- 
r o s a r c o m a  solid t u m o r  in B A L B / c  n u / n u  mice  were  m u c h  
less than  in I C R  or  B A L B / c  mice  (Table  4). This  result  in- 
dicates  that  T cells are  i m p o r t a n t  in the a n t i t u m o r  act ivi ty  
o f  f rac t ion  9. 

M a c r o p h a g e s  are  e f fec tor  cells essent ial  to the host ' s  
de fense  against  t u m o r  g rowth  [1, 6, 13, 15, 19]. I f  mac ro -  
phages  are i n v o l v e d  in the a n t i t u m o r  ac t iv i ty  o f  f rac t ion  9, 
an agent  such as ca r rageenan ,  which  decreases  mac ro -  
phage  number s  and  func t ion ,  should  r educe  the effect  o f  
this f ract ion.  In fact,  suppress ion  o f  m a c r o p h a g e  func t ion  
in v ivo  by i .p.  in jec t ions  o f  ca r r ageenan  s igni f icant ly  de- 
c reased  the a n t i t u m o r  effect  o f  f rac t ion  9 (Table  5). In  ad-  

Table 2. Effects of fractions from an aqueous extract of H. discus hannai on sarcoma 180 solid tumors in ICR mice by i.v. injection 

Fraction Dose Mean tumor weight (g) Tumor inhibition Complete 
no (mg/kg x 3 days) (treated/control) ratio (%) regression a 

4 b 40 2.3 + 1.8/7.0 + 2.0 ° 67.1 0/6 
120 4.6 _+ 4.4/6.4 + 3.8 28.1 0/6 

5 b 240 2.0 + 1.8/7.0 + 2.0 c 71.4 2/6 
120 4.6 _+ 4.0/8.6 + 3.6 46.5 0/6 
40 9.0 _+ 3.2/8.6 + 3.6 --4.6 0/7 

9 b 40 4.5 + 3.7/6.2 + 2.5 27.4 0/6 
80 1.5 + 1.1/6.2_+ 2.5 c 75.8 0/6 

160 1.9 _+ 0.3/6.2 + 2.5 c 69.4 0/6 
320 3.6 +_ 2.1/6.2 +_ 2.5 41.9 0/6 

10 b 80 4.4 _+ 3.4/8.6 _+ 3.6 33.3 0/6 

9 o 80 1.5 + 2.4/7.2 + 5. I e 79.1 3/6 
8 4.5 _ 2.4/7.2 + 5.1 37.5 0/6 

Autoclaved 
9d 80 4.5 + 2.1/7.2 + 5.1 37.5 0/6 

a Number of tumor-free mice/number of mice tested 
b Sarcoma 180 cells were inoculated s.c. into the right flank of ICR mice and the test samples were injected i.v. 
c p < 0.01 compared with control 
J Sarcoma 180 cells were inoculated i.d. into the back of ICR mice and the test samples were injected i.v. 
e p < 0.05 compared with control 

Table 3. Effects of timing of i.v. administration of fraction 9 on sarcoma 180 solid tumors in ICR mice a 

Dose Days of Mean tumor Tumor inhibition Complete 
(mg/kg × 3 days) injections weight (g) ratio (%) regression b 

100 1, 3, 5 3.3___ 1.6 c 46.8 0/5 
3, 5, 7 0.9+0.8 ~ 85.5 0/6 
5, 7, 9 1.0_+ 0.6 d 83.9 0/6 
7, 9, 12 1.5+ 1.2 d 75.8 0/6 
9, 12, 15 1.2 + 1.40 80.6 0/6 

Control 6.2+2.4 0/6 

~' Sarcoma 180 cells (6 x 106) were inoculated s.c. on day zero 
Number of tumor-free mice/number of mice tested 

c p < 0.05 compared with control 
d p < 0.01 compared with control 



di t ion,  the pe r i tonea l  and  a lveo la r  m a c r o p h a g e s  f rom mice  
g iven  f rac t ion  9 decreased  the  i n c o r p o r a t i o n  o f  3H-thymi-  
d ine  into L5178Y cells in vi t ro,  whereas  m a c r o p h a g e s  
f rom n o r m a l  mice  did not.  F r ac t i on  9 ac t iva ted  the cytos- 
ta t ic  act ivi ty  o f  bo th  pe r i tonea l  and  a lveo la r  m a c r o p h a g e s  
in v ivo ;  such act ivi ty  was m a x i m u m  on  days 3 - 5  and  on 
days  1 - 3  for pe r i tonea l  and  a lveo la r  mac rophages ,  respec-  
t ively  (Table  6). W e  c o n f i r m e d  by use o f  a phase -con t ras t  
m i c r o s c o p e  that  bo th  k inds  o f  m a c r o p h a g e s  f rom mice  giv- 
en this f rac t ion  3 days ear l ier  dec reased  the p ro l i f e ra t ion  
o f  L5178Y cells in vi tro.  F r ac t i on  9 was no t  c o n t a m i n a t e d  
with  e n d o t o x i n ;  a Limulus lysate  assay [121 was nega t ive  
(da ta  no t  shown).  These  results show that  m a c r o p h a g e s  
pa r t i c ipa ted  in the a n t i t u m o r  act ivi ty  o f  f rac t ion  9. We 
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c o n c l u d e d  that  its a n t i t u m o r  act ivi ty  is m e d i a t e d  by the 
ce l lu lar  i m m u n e  response  o f  the  host  in which  bo th  T cells 
and  m a c r o p h a g e s  are impor tan t .  

We  c o m p a r e d  the a n t i t u m o r  effect  o f  f rac t ion  9 with 
that  o f  l en t inan ,  (1-+3)-[3-D-glucan, a b io log ica l  response  
modif ie r .  The  effects o f  a n t i t u m o r  po lysaccha r ides  di f fer  
a m o n g  mouse  strains, B A L B / c  mice  are especia l ly  weak 
responders  to l en t inan  [18]. In  contrast ,  f r ac t ion  9 had  an 
an t i t umor  effect  on M e t h - A  f i b ro sa r coma  in B A L B / c  
mice.  F rac t ion  9 and  len t inan  have  a d i f fe ren t  an t i t umor  
spec t rum,  at least in part ,  a l though  the a n t i t u m o r  act ivi ty  
o f  bo th  agents is med ia t ed  by the ce l lu lar  i m m u n e  re- 
sponse  o f  the host  in which  bo th  T cells and  m a c r o p h a g e s  
are  impor tan t .  

Table 4. Effects of fraction 9 on other tumor systems at a dose of 200 mg/kg for 3 days 

Tumor Strain of Admini- Mean tumor weight (g) 
mouse stration (treated/control mice) 

Tumor inhibition 
ratio (%) 

Complete 
regression a 

Meth-A fibrosarcoma BALB/c i.1. 0 /2.4_+ 1.5 b 
Meth-A fibrosarcoma BALB/c  i.v. 0.8 + 1.5/2.4 +_ 1.5c 
Meth-A fibrosarcoma BALB/c  nu/nu i.1. 2.7 _+ 1.0/4.3 _+ 1.8 

Sarcoma 180 CD-I nu/nu  i.l. 2.7 + 2.0/3.8 + 1.1 

100 7/7 
66.7 1/6 
37.2 0/6 

28.9 0/6 

a Number of tumor-free mice/number of mice tested 
b p < 0.01 compared with control 
c p < 0.05 compared with control 

Table 5. Effects of carrageenan on the antitumor activity of fraction 9 a 

Treatment Admini- Mean tumor weight Tumor inhibition Complete 
stration (g + SD) ratio (%) regression a 

None 6.3+3.6 0/16 

Fraction 9 i.1. 0.3 + 0.6 c 95.2 6/9 

Fraction 9 plus i.1. 
carrageenan i.p. 3.3 + 1.8 47.6 0/5 

Fraction 9 i.v. 2.1 __ 2.7 d 66.6 1/6 

Fraction 9 plus i.v. 
carrageenan i.p. 6.6 + 3.4 - 4.7 0/6 

Carrageenan i.p. 8.4 +_ 1.8 - 33.3 0/6 

Sarcoma 180 tumor cells (2 x 106) were inoculated s.c. on day zero. Fraction 9 (100 mg/kg) dissolved in 0.1 ml of physiological saline 
was injected i.v. or i.l. on days 5, 7, and 9. Carrageenan (80 mg/kg) dissolved in 0.2 ml of physiological saline was injected i.p. on days 4, 
6, and 8 

b Number of tumor-free mice/number of mice tested 
c p < 0.01 compared with control 
d p < 0.05 compared with control 

Table 6. In vivo activation of cytostatic activity of fraction 9 mediated by peritoneal and alveolar macrophages 

Effector cells a Cytostatic activity (%) b 

Day 1 Day 3 Day 5 Day 8 Day 12 

Peritoneal macrophages 34.7 ° 79.8 ° 85.5 c 21.9 c -0 .5  
Alveolar macrophages 50.6 ° 41.7 c 0.4 3.0 N.T. d 

a Macrophages were harvested on the day indicated after a single i.v. injection of fraction 9 at a dose of 100 mg/kg 
b The ability of effector cells from the treated mice to inhibit incorporation of 3H-thymidine into L5178Y cells in vitro at an effector: 

target cell ratio of 10:1 was compared to that of effector cells from control mice 
c p < 0.001 compared with controls 
d Not tested 
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